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Application of Microfiuorometry to Cardiovascular Surgery 
I. Evaluation of the Viability of Myocardium 
by Microfiuorometry 
YUKIO CHIBA 
The 2nd Department of Surgery, Faculty of Medicine, Kvoto University 
(Director: Prof. Dr. YoRINORI HrKASA) 
An on-line、non-invasiv巴methodof monitoring the viability of myocardium in cardiac ische-
mia is described in this report. The technique is based on the differences in spectrol properties 
between the oxidized and reduced forms of pyridine nucleotides. Mitochondrial J'¥ADH fluo 
rescence is an efficient indicator of intracellular oxygen concentration and changes in metabolic 
condition. 
Under total cardiopulmonary bypass, the fluorescent emission from the surface of the canine 
hearts (R ¥' epicardium) was monitored. As soon as the aorta was clamped, the fluorescence was 
increased promptly and reached a plateau. Experimental results obtained at declamping after 
90 minutes’contenuous myocardial ischemia were as described bellow. In hypothermia (20°C) 
the fluorescence returned to the pre-clamping level promptly, and the heart recovered normal 
beating. In normothermia (36°C), the fluorescence decreased slowly, but not to the pre-clamping 
level and the heart showed only feeble 五brillation.
From the extent of decrease of the N AD H fluorescence at reperfusion, four grades of v叩bility
of myocardium in cardiac ischemia were classified. 
Grade 1 : viability is excellent 
At reperfusion, the fluorescence returns to the pre damping level within one minute. 
Grade 2・ Viabilityis good 
Key words: Fluorometry. Viability of myocardium, :¥1、川ardial metabolism, :¥Iyoは rdialprotection, Mitochon-
drial redox state. 
索引語：鐙光測定法，心筋パイアビリティ，心筋代謝，心筋保払ミトコンドリア酸化還元状態，
Present address: The 2nd Department of Surgerv. Facultv of Medicine, Kyoto University, Sakyo-ku, KYoto. 
606, Japan. 
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At reperfusion, the fluorescence returns to the pre-damping level within two minutes. 
Grade 3 : Viability is poor 
At reperfusion, the fluorescence decreases, but not to the pre-clamping level. (the decrease 
is more than a half to the pre-clamping level) 
Grade 4: Viability is damaged 
At reperfusion, the fluorescence decreases only scarcely. (the decrease is less than a half 
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110%, 1407ちまでしか減少しなかった. 150分後の血 畿光量は， 1407ぢの減少にとどまった.180分後の血液
液再瀧流では，鐙光量の減少は軽微で，約10%の減少 再濃流では，畿光量の減少は軽微で，約30%の減少の
にとどまった（図3上段）． みであった（図3下段）．












Ao clamp 2min Coronary perfusion 
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心臓外科領域における microfluorometryの応用 311 
も微弱で，いわゆる rstoneheartjの様相を呈した． bilityを次の4段階に分類した9》（図4〕．
低温下大動脈遮断で.30分毎lと血液再濯流を行なった Grade 1. Excellent 
場合（条件③）， 150分迄の血液再開では，心室細動は Viabilityは極めて良好．鐙光量は1分以内IC基線
強大で．直流除細動l乙て容易に正常心拍動をとり戻す に復する








Grade 3. Poor 
心筋細胞は軽度障害.2 分間の濯流で， 140~ぢ以下
K鐙光量は減少するか，1007ちの基線ICは戻らな
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ように， 1モノレの glucoseは， 2モJレの pyruvateと




なわち， glyceraldehydeが 1,3-diphosphoglycericacid 
k酸化され， pyruvateが lactatelζ還元される いず
れの場合も， pyridinenucleotide (NAD, NADH）が関
与し，結果的IC，酸化も還元も行なわれない．またエ
ネJレギー産生については， glucoseが， glucose-6-pho-
sphate l乙 fructose-6-phosphateカffructose-I, 6-di-
phosphate になる 2つの過程で（phosphoriration）で，
計2モルの adeninetriphosphate(ATP）が消費される







cycle lζ入る（図的. pyruvateから acetylCoA, iso-
citric acid 3から αKetoglutaricacid，日『Ketoglutaric
acidカ〉ら succinylCoA, malic acid均3らoxaloacetic
Co A になる過程で， NADが NADHIζ還元される．
また， Succinicacidが fumaricacid になる時には，
FADが FADH2となり， さらに， succinylCoAが
succinic acid lとなる際， GDPが GTPへとリン酸化
が行なわれ， lモJレの ATPが産生される．

















Krebs Cycle Electron Tr口「isportSys↑em 
図 6

























































Grade 1. Excellent 
Viabilityは極めて良好．後光量は1分以内lζ基線
lζ復する．
Grade 2. Good 
Viabilityは良好．蛍光量は2分以内lこ基線lζ復す
る．
Grade 3. Poor 
心筋細胞は軽度障害.2分間の血液濯流で， 140%
以下lζ畿光量は減少するが100%の基線iζ戻らな
Grade 4. Damaged 
心筋細胞は高度障害. 2分間の血液潅流でも後光
量の減少は軽微で， 140）ぢ以上にとどまる．
本論文の要旨は，第B問 WorldCongr田sof Cardiology 








1) Barlow CH, Chance B: lschemic areas in per-
, fused rat hearts: Measurement by N ADH flu-
orescence photography. Science 193: 909-910, 
1976. 
2) Barlow CH, Harken AH, et al: Evaluation of 
314 日外宝第51巻第2号（昭和57年3月）
cardiac ischemia by NADH Fluorescence photo-
graphy. Ann Surg 186: 737ー740,1977. 
3) Barner HB, Standeven JW, et al: Topical car-
diac hypothermia for myocardial preservation. 
J Thorac Cardiovasc Surg 73: 856-867, 1977. 
4) Boxer GE, Devlin TM: Pathways of intrace-
llular hydrogen transport. Science 134: 1495 
1501, 1961. 
5) Chance B, Cohen P, et al: Intra cellural oxyda-
tion-reduction state in vivo. Science 137: 499 
508, 1962. 
6) Chance B: Pyridine nucleotides as an indicator 
of the oxygen requirement for energy-linked 
functions of mitochondria. Chic Res 38 (Suppl 
1): 1-31・38,1976. 
7) Chapman J: Fluorometric studies of exidative 
metabolism in isolated pappillary muscle of the 
rabbit. J Gen Phisiol 59: 135-154, 1972. 
8) Codd JE, Wiens RD, et al: Steroids and myo-




子と生体工学 16（特別号） : 304, 1978. 
10) Danforth WH. Naegle S, et al: E仔ectof ische-
mia and reoxygenation on glycolytic reaction and 
adenosinetriphosphate in heart muscle. Circ Res 
8: 965-971, 1960. 
11) Engedal H, Skagseth E, et al: Effects of pro 
caine-induced cardioplegia on myocardial ische-
mia, myocardial edema, and postarrest ventricu-
lar function. J Thorac Cardiovasc Surg 75 
886-891, 1978. 
12) Ferrans VJ: Morphological methods for evalu-
ation of myocardial protection. Ann Thorac 
Surg 20: 11-20, 1975. 
13) Follette D, Mulder D, et al: Prolonged safe 
aortic clamping by combining membrane stabili-
zation, multidose cardioplegia, and appropriate 
pH reperfusion. J Thorac Cardiovasc Surg 74 
682-694, 1977. 
14) Green DE, Goldberger RF: Pathways of meta-
bolism in heart muscle. Am J Med 30: 666-
678, 1961. 
15) Griepp RB, Stinson EB, et?): Profound local 
hypotherm同 formyocardial protection during 
open-heart surgery. J Thorac Cardiovasc Surg 
66: 731-742, 1973. 
16) Huckabee WE: Relationships of pyruvate and 
lactate during anaebolic metabolism I. E仔ects
of infusion of pyruvate or glucose and of hyper 
ventilation. J Clin Invest 37: 244-254, 1958. 
17) J凸bsisFF, Du伍eldJC: Oxidative and glycoly-
tic recovery metabolism in muscle，日uorometric
observation on their relative contributions. J 
Gen Physiol 50: 1009-1047, 1967. 
18) Katz AM: Physiology of the Heart, New York, 
Raven Press 1977, p. 58 62. 
19) Kirsh U, Rodewald G, et al: Induced ischemic 
arrest. clinical experience with cardioplegia in 
open-heart surgery. J Thorac Cacdiovasc Surg 
63: 121 130, 1972. 
20) Kobayashi S, Kaede K, et al: Microfluorome-
try of oxydation-reduction state of the rat kidney 
in situ. J Appl Physiol 31: 693-696, 1971. 
21）小林茂樹：呼吸代謝のmvivo調節直読法，生物
物理 14 226-237, 1974. 
22) Mela LM: 健康な人とショック患者の酸素の役
割， TheOrgan in Shock，東京，日本アップジ司
ン株式会社 1980,p. 8-15. 
23) Michal G, Naegle S, et al: Metabolic changes 
in heart muscle during anoxia. Am J Physiol 
197: 1147-1151, 1951. 
24) Mills SA, J凸bsis FF, et al: A fluorometric 
study of oxidative metabolism in the in vivo 
canine heart during acute ischemia and hypoxia. 
Ann Surg 186: 193-200, 1977. 
25) Mori A, Muraoka R, et al: Deep hypothermia 
combined with cardiopulmonary bypass for car・ 
diac surgery in neonates and infants. J Thorac 
Cardiovasc Surg 64: 422-429, 1972. 
26) Nayler WG, Fassold E, et al: Pharmacological 
protection of mitochondrial function in hypoxic 
heart muscle: E仔ectof verapamil, propranolol 
and methylprednisolone. Cardiovasc Res 12: 152 
-161, 1978 
27) Nayler WG, Yepez C, et al: Protective e百ectof 
methylprednisolone sodium succinate on the uト
trastructure and resting tension of hypoxic heart 
muscle. Cardiovasc Res 12: 91-98, 1978. 
28) N】shikiK, Erecinska M, et al: Energy rela-
tionships between cytosolic metabolism and mito・ 
chondrial respiration in rat heart. Am J Physiol 
234: c-73-81, 1978. 
29) Olson RE：“Excess Lactate" and anaero biosis. 
Ann Int Med 59: 960-963, 1963. 
30) Reidemeister JC, Heberer G, et al: Induced 
cardiac arrest by sodium and calsium depletion 
and the application of procaine. Int Surg 47: 
535-542, 1967. 
31) Rosenfeldt FL and Watson A: I. Development 
。fan in vitro model of myocardial cooling. A 
study of the effect of cardiac size on cooling rate. 
Ann Thorac Surg 27: 7-12, 1979目
32) Scheuer J: Myocardial metabolism in cardiac 
hypoxia. Am J Cardiol 19：・ 385-392,1967 .
33) Williamson DH, Lund P, et al: The redox 
state of free nicotinamideadenine dinucleotide in 
the cytoplasm and mitochondria of rat liver. 
Biochem J 103: 514-527, 1967. 
